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[57] ABSTRACT 
Between a device (15, 16) for supplying a transparent 
gaseous medium and a device (17, 18) for exhausting the 
heated medium, a number of quartz glass pipes (11) are 
disposed. Within each quartz glass pipe a number of 
glass strips, running parallel to one another, are accom 
modated. The adjacent glass strips are held by spacers 
at a distance which corresponds to the thickness of the 
glass strips. The glass strips are lightly tinted so that 
they absorb the incident radiation only partially. The 
coef?cient of absorption of the glass strips amounts to 
about 0.1, so that about 90% 0f the incident solar radia 
tion exits from the glass strips again and falls upon a 
further glass strip. In this way, the insolated energy is 
distributed over the entirety of the regions of the glass 
strips, so that all locations of the glass strips are heated 
evenly, and no location of the glass strips is overheated. 
The heat in the glass strips is transmitted to the gaseous 
medium ?owing through inside the glass pipes and 
between the glass strips and is exhausted. This apparatus 
is particularly suitable for being disposed in a tower of 
a solar power plant in which the solar rays are directed 
at the top of the tower by means of a plurality of reflec 
tors disposed on the ground. 

18 Claims, 21 Drawing Figures 
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PROCESS AND APPARATUS FOR HEATING A 
TRANSPARENT, GASEOUS MEDIUM BY MEANS 

OF CONCENTRATED SOLAR RADIATION 

The invention concerns a process for heating a trans 
parent gaseous medium by means of highly concen 
trated solar radiation and an apparatus for carrying out 
this process. 

Concentrated solar radiation is understood to mean 
the increasing of the power of the solar irradiation 
which strikes an object per unit of area. The power 
which is insolated upon an area of 1 m2 with normal 
solar irradiation amounts to some 800 W. With solar 
radiation concentrated a thousandfold, the power 
which is insolated upon a m2 is 1000>< 800 W equals 800 
kW. The concentrating of the solar radiation can be 
achieved by lenses, concave reflectors, or, in the case of 
the known solar power plants, by a plurality of re?ec 
tors disposed on the ground which re?ect the solar rays 
onto the top of a centrally disposed tower. References 
to such power plants are described in the report “Solar 
thermal Power Stations” of the international Sympo 
sium [sic] of Apr. 11-13, 1978 in Cologne of the Deut 
sche Forschungs- und Versuchsanstalt fur Luft- und 
Raumfahrt (DFVLR) as well as in the paper “Solar 
Heated Air-Receivers” which was prepared for the 
international solar energy convention and the exhibition 
of July 28, to Aug. 1, 1975 in Los Angeles USA. In the 
case of these known solar power plants, or in general in 
the case of installations which serve to convert solar 
energy into mechanical work by thermal means, there 
exists, as in other thermal power processes, the neces 
sity of attaining the highest possible operating tempera 
tures so that a high efficiency for the conversion of 
thermal energy into work results (Carnot vactor [sic]). 

Normally, it follows from this that the working me 
dium in thermal power processes at these high tempera 
tures is gaseous at 600° to 1000” C. according to Bray 
ton, Otto, Stirling and vaporous according to Rankine, 
for example, superheated steam of 500° to 600“ C. The 
heating of a gaseous or vaporous medium by means of 
highly concentrated solar energy presents very particu 
lar dif?culties in the types of solar power plants known 
today. 

In the design of the radiation receivers, which are 
usually’ disposed on a tower, it can be observed that 
gigantic, voluminous structures, so-called cavity receiv 
ers, are built, in which the highly concentrated solar 
radiation, after passing through an entrance opening, is 
closed “defocused” and, in the interior, strikes pipes in 
which the working medium to be heated circulates. 

Because of the poor coef?cient of heat transmission at 
which heat is transferred from a solid body to a gaseous 
medium, large surfaces are necessary, on the one hand, 
for heating the gas with the known types of construc 
tion and processes. It follows from this that relatively 
great volume of the cavity, the inside surface of which 
is substantially greater than the area of theopening 
through which the rays are captured. On the other 
hand, very high temperatures are necessary for the 
heat-transferring pipe walls, which leads to the use of 
highly heat-resistant ceramic materials. Let these rela 
tionships be shown in the following with the aid of a 
brief calculation: " 

The radiation power entering the cavity amounts to 
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wherein 
FK=area of the beam of rays at the entrance of the 

cavity (m2) 
q=radiation power density (kW/m2), as a rule 1000 to 
2000 kW/m2. 
This radiation power must be transmitted to the gas 

via the pipe walls, which happens according to the 
following equation: 

Qwal-ga_r=FRGA Tw minus M, 

FR being the total pipe surface available for the heat 
transfer, 

a being the coefficient of heat transmission from the 
wall to the medium, and 

ATW_ M being the difference in temperatures T,,,,[[— T 
medium 
Thus the result is the following relation 

For example, if an admissible difference in tempera 
ture of 400° C. between wall and medium is assumed, 
when, for example, the gas is supposed to be heated to 
800° C., the wall would have a temperature of 1200“ C., 
and if a very high coefficient of heat transmission a of 
0.2 kW/m2° C. is taken as a basis, which is attainable 
only at very high pressure and gas speeds, then at a 
radiation density of 2000 kW/mZ, the result is the fol 
lowing aspect ratio between the total surface of the 
absorber pipe walls and the cross-section of the cavity 
opening 

=aAT =25 

' If it were desired to reduce the size of this surface of 
the cavity, and thereby the volume and weight thereof, 
then somewhat more latitude is left for increasing the 
difference in temperature between the wall and the 
medium through use of ceramic materials, or one is 
compelled to use a liquid medium. Water is not suited 
for this because very high pressure is already produced 
at a temperature of only 300° C. Consequently, only 
liquid metals or, for example, liquid sodium enter into 
consideration, which permit substantially higher tem 
peratures but have other decisive disadvantages. It is 
quite certain, however, that every attempt at energy 
transmission in the ?eld of highly concentrated solar 
radiation is very difficult and complicated according to 
the previously known processes, in which connection 
even ceramic materials hardly withstand anymore the 
temperatures occurring then. It is the task of the inven 
tion to indicate a process and an apparatus, respectively, 
for transferring the energy contained in the concen 
trated solar radiation to a transparent, gaseous medium, 
the heat transfer taking place directly in the region of 
the greatest concentration of the beam of rays. Further 
more, the volume of the apparatus is meant to be re 
duced and the possibility offered that the use of high 
strength ceramic materials can be dispensed with. 
A further object is to heat the gas, for example, air, to 

a temperature of at least 600° C. 
The invention is explained in more detail below, by 

‘way of example, with reference to the drawings. 
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FIG. 1 shows part of a solar power plant with a 
tower, upon the upper region of which the solar radia 
tion is concentrated by means of re?ectors disposed on 
the ground, 
FIG. 2 shows an elevation of an apparatus according 

to the invention for heating a gaseous medium by means I 
of concentrated solar radiation, disposed in the upper 
region of the tower according to FIG. 1, 
FIG. 3 shows a section along the line III-III of FIG. 

2, 
FIG. 4 shows details from FIG. 2 on a larger scale, 

which details show the mounting of quartz glass pipes 
of the apparatus according to the invention, 
FIG. 5 shows details from FIG. 2 on a larger scale, 

which details show adifferent form of the mounting of 
quartz glass pipes of the apparatus according to the 
invention, 
FIG. 6 shows a cross-section through one of the 

quartz glass pipes of the apparatus according to FIG. 2, 
FIG. 7 shows a cross-section through a second em 

bodiment of one of the quartz glass pipes of the appara 
tus according to FIG. 2, 
FIG. 8 shows a cross-section through a third embodi 

ment-of one of the quartz glass pipes of the apparatus 
according to FIG. 2, ' 
FIG. 9 shows a cross-section through a fourth em 

bodiment of a quartz glass pipe of the apparatus accord~ 
ing to FIG. 2, ' 
FIG. 10 shows a cross-section through a ?fth embodi 

ment of a quartz glass pipe of the apparatus according to 
FIG. 2, 
‘FIG. 11 shows the perspective representation of a 

place of intersection of the structure within the quartz 
glass pipe according to FIG. 10, drawn on a large scale, 
FIG. 12 shows a cross-section through a quartz glass 

strip which is provided on each of both sides with a 
coating partially absorbing the solar radiation, 
FIG. 13 shows the schematic representation of the 

partialabsorption of the solar radiation by the walls of 
successively disposed glass pipes of lightly tinted glass, 
FIG. 14 shows a cross-section through a further ex 

ample of an embodiment of the apparatus according to 
the invention, 
FIG. 15 shows a section along the line XII-XII of 

FIG. 14, drawn on a larger scale, 
' FIG. 16 shows a transverse cross-section through a 
modi?cation of the glass pipe of the apparatus accord 
ing to FIG. 12 and which may be employed in the appa 
ratus of FIGS. 14 and 15, which glass pipe is provided 
on ‘the outside with a layer partially absorbing the solar 
radiation, 
FIG. 17 shows a cross-section through an elongated 

glass body with a plurality of parallel-running passage 
channels, which glass body is usable instead of the 
quartz glass pipes in the apparatus according to FIG. 2, 
FIG. 18 shows the fundamental representation of the 

use ‘of the apparatus according to FIG. 2 in a solar 
power plant installation, 
FIG. 19 shows the simpli?ed representation of a solar 

power plant with a tower, in the upper region of which 
ray receivers are disposed which are shone upon from 
all sides by re?ectors disposed on the ground, 
FIG: 20 shows a cross-section through the upper 

region of the tower of the solar power plant according 
to FIG. 19, and . - ‘ - 

FIG‘. -21 shows a cross-section through the upper part 
of the tower according to FIG. 19, the ray receivers 
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4 
being formed differently from those depicted in FIG. 
20. ‘ 

The invention is explained below with the aid of 
examples of embodiments which are particularly suited 
for use in the tower of a solar power plant. FIG. 1 
shows part of a solar power plant in a highly simpli?ed 
representation. Disposed at the top of a tower 1 is a 
so-called ray receiver 2, for example, the apparatus 
depicted in FIGS. 2 and 3. 

Disposed in the interior of the tubular tower 1 are a 
non-depicted supply conduit for a transparent, gaseous 
medium, e.g., air, to be heated, and a non-drawn exhaust 
conduit for the air heated in the said apparatus. The 
incident solar radiation is indicated by arrows 3 and is 
concentrated on the. face of the apparatus by re?ectors 
5 disposed on the ground 4. The apparatus is slantingly 
aligned in such a way that the straight line perpendicu 
larly piercing the center point of the face of the appara 
tus pierces the central region of the re?ector ?eld. The 
re?ected sunrays striking the apparatus are not parallel 
but may deviate with respect to the said straight line up 
to half the angle a, which angle a is formed by the two 
edge rays 6 and 7. FIG. 2 shows the elevation of an 
embodiment of the apparatus according to the inven 
tion, and FIG. 3 shows a section along the line III-III 
of FIG. 2. Between two plates 8 and 9, which are held‘ 
spaced via spacer bolts 10, there extend a number of 
quartz glass pipes 11. . 
The plates 8 and 9, respectively, are secured by means 

of screws 12 to the ends of the spacer bolts 10. Provided 
in the plates 8 and 9 are a corresponding number of 
holes 13 and 14, respectively (see FIG. 4) in order that 
air may be supplied to the quartz glass pipes 11 and the 
heated air may be exhausted from these quartz glass 
pipes, respectively. Situated beneath the plate 9 is a 
hood 15, which is connected to a supply pipe 16. The 
edge of the large opening of the hood 15 is connected 
gas-tight to the plate 9, so that the air supplied via the 
supply pipe 16 penetrates into the individual quartz 
glass pipes 11. Situated above the plate 8 is a hood 17, 
which is connected to an exhaust pipe 18. The edge of 
the large opening of the hood 17 is connected gas-tight 
to the plate 8, so that the heated air exiting from the 
quartz glass pipes 11 can be collected and exhausted 
through the exhaust pipe 18. 

Since it is not provided for to expose the hoods 15 and 
16 and the plates 8 and 9 to the concentrated solar irra< 
diation, these parts may be made of metal. The principle 
of the mounting of the individual quartz glass pipes 11 is 
apparent from FIGS. 4 and 5, respectively, which show 
corresponding detailsfrom FIG. 2 on a larger scale. . 

According to FIG. 4, the diameter of the holes 13 the upper plate 8 is greater than the diameter of the 

quartz glass pipes 11. Pipe pieces 91 are secured on the 
top side of the plate 8. Each quartz glass pipe 11 extendsv 
through one of the‘ holes 13 and through the corre{ 
sponding pipepiece 19. Sunk into the inside of the pipe. 
pieces 19 are grooves 20 in which sealing rings 21 are 
disposed. These sealing rings may be of the same kind as 
the piston rings of a combustion engine. The sealing 
rings 21 prevent air from leavingjthe apparatus and yet 
make possible the relative displacement between the 
quartz glass pipe 11, and the plate 8 caused by the differ 
ing coef?cient of thermal expansion} . 
The diameter of the holes 14 in the lower plate 9 is 

less than the inside diameter of the quartz glass pipes 11. 
Concentrically with each of the holes 14, a pipe piece 22 
each is secured on the top side of the plate 9. Through 
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each pipe piece 22 extends one of the quartz glass pipes 
11, so that the end face thereof rests upon the plate 9. 
Likewise provided on the inside of the pipe pieces 22 
are grooves 20 in which sealing rings 21 are situated in 
order to prevent air from leaving the apparatus. 

Within the quartz glass pipe 11 a number of glass 
strips 23 are disposed, as is described in more detail 
further on with reference to FIG. 6. Parts of the lower 
end faces of the glass strips 23 rest upon the edge area of 
the holes 14 in the lower plate 9. Thus, they cannot fall 
out of the quartz glass pipes 11. 
FIG. 5 shows another type of mounting of the quartz 

glass pipes 11. The diameter of the holes 14 in the lower 
plate 9 is less than the inside diameter of the quartz glass 
pipe 11. Pipe pieces 24 are welded to the plate 9 concen 
trically with the holes 14. The inside diameter of the 
pipe pieces 24 is greater than the outside diameter of the 
quartz glass pipes, so that the quartz glass pipes are held 
in the pipe pieces 24 with the aid of a heatresistant 
bonding agent 25, the connection thus produced also 
being gas-tight. Welded into the holes 13 of the upper 
plate 8 are pipe pieces 26 which exhibit the same outside 
diameter as the quartz glass pipes 11. The ends of a 
sleeve 27 are slipped over the quartz glass pipe 11, on 
the one hand, and over the part of the pipe piece 26 
projecting downwardly beyond the plate 8, on the other 
hand. By means of clamping rings 28, the ends of the 
sleeve 27 are held to the pipe piece 26 and quartz glass 
pipe 11, respectively, surrounded by it. The sleeve 27 
forms a gas-tight connection between the quartz glass 
pipe 11 and the interior space of the upper hood 17. The 
sleeve 27 compensates in addition for the temperature 
dependent differing linear expansions of the quartz glass 
pipe 11 and of the distance between the plates 8 and 9. 
For reasons of safety, a guide plate 30 provided with 
holes 29 may be disposed beneath the sleeve 27, which 
plate prevents the quartz glass pipe 11 from tipping 
over. 

FIG. 3 shows a section through the apparatus accord 
ing to FIG. 2 along the line III—III. Accordingly, 
essentially only the quartz glass pipes 11, the lower 
plate 9, and the lower hood 15 with the rearwardly 
directed supply pipe 16 are visible. The quartz glass 
pipes 11 are disposed in two rows, the quartz glass pipes 
of the rear row being staggered with respect to the front 
quartz glass pipes. The major portion of the concen 
trated solar radiation strikes into the apparatus accord~ 
ing to FIG. 3 in the direction of the arrow 31. By means 
of the staggered arrangement of the quartz glass pipes 
11, those rays which pass between the front quartz glass 
pipes 11 are also seized. Although only two rows of 
quartz glass pipes 11 are drawn in FIG. 3, embodiments 
with three or more rows may be provided for. 
The glass bodies or glass strips 23 which are disposed 

within the quartz glass pipes 11 and are very essential to 
the invention have not been drawn in in FIG. 3. 

If only one or two rows of quartz glass pipes 11 are 
provided for, it is advantageous to dispose a re?ector 31 
behind these quartz glass pipes which reflects back into 
the quartz glass pipes 11 the portion of rays possibly 
exiting to the rear from the quartz glass pipes. 
From FIG. 6 a ?rst possible arrangement of the glass 

strips 23 within the quartz glass pipe 11 is depicted. The 
individual glass strips 23 are kept spaced by spacers 32 
of glass. These spacers 32 do not extend over the entire 
length of the glass strips but are square or round disks, 
the thickness of which determines the distance between 
the adjacent glass strips 23. The spacers 32 are evenly 
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6 
distributed along the entire length of the glass strips 23 
and made fast, for example, by fusion, to one of the two 
adjacent glass strips. 

In transverse direction, the glass strips 23 are so 
aligned in the quartz glass pipes 11 that they form an 
acute angle of 20° to 70° to the direction indicated by 
the arrow 31 in FIG. 3. The glass strips 23are lightly 
tinted and only partially absorb the energy of the solar 
radiation passing through them. 
With reference to FIG. 6, the mode of operation of 

the apparatus according to FIG. 2 is described below. A 
beam of rays 33 strikes the quartz glass pipe 11 from 
outside. A negligible portion of the beam of rays 33 is 
reflected at the outer surface of the quartz glass pipe 11, 
as is indicated by an arrow 34. The major portion of the 
beam of rays 33 is refracted by the wall of the quartz 
glass pipe 11, and at the inner surface of the quartz glass 
pipe a refraction takes place once more before the beam 
of light enters the interior of the quartz glass pipe 11. 
The quartz glass of which the quartz glass pipes 11 
consist absorbs as little heat energy as possible so that 
practically all the energy of the beam of light reaches 
the interior of the quartz glass pipe 11. Thereafter, the 
beam of light strikes one of the glass strips 23', part of 
the beam of light striking the glass strip 23' is re?ected 
by the latter, and the other part penetrates the glass strip 
23’. Because the glass strips 23' are lightly tinted, a 
portion of the energy, for example, 3 to 15% of the 
beam of light penetrating the glass strip 23’ is absorbed 
in the glass strip 23'. The portion of the beam of rays 
which exits from the glass strip 23' strikes the next glass 
strip, whereupon once again a part re?ects, a portion of 
the energy absorbs, and part of the beam of light again 
exits from this next glass strip. The remaining beam of 
light exiting from this glass strip strikes one of the glass 
strips 23 anew, the process described above being re 
peated again and again. The part of the beam of light 
reflected by the glass strip 23" again strikes the glass 
strip 23’, the process described above likewise being 
repeated. 
For easier viewing, only some few reflection loca 

tions and passage locations of the beam of light are 
depicted in FIG. 6. Heating of the glass strips 23 occurs 
only at the passage locations, these being distributed by 
the many reflection locations over the entire region of 
volume of the glass strips 23. For this reason, the glass 
strips 23 are heated uniformly at all locations but not 
overheated at any location. The energy irradiated into 
the interior of the quartz glass pipe 11 is not fully ab 
sorbed at the first location impinging on a body but 
gradually absorbed successively distributed over a plu 
rality of locations, the plurality of . locations being 
heated only to a temperature of, for example, 1000° C., 
but not to a much higher temperature. . 
The heat absorbed by the glass strips 23 is absorbed 

and carried off by a current of air which is led through 
the quartz glass pipe 11 and in between the glass strips 
23. In the known apparatus, the wall heated by the solar 
radiation is brought into contact with air only on one 
side. In the apparatus described above, the glass strips 
23 are brought into contact with the ?ow of air on both 
sides, the result of which is a substantially better heat 
transfer from the glass strips to the air. 

In FIG. 6, for the sake of simplicity, only some few 
glass strips 23 are depicted. In reality, in an apparatus 
capable of processing radiant energy of 5 MW, ten 
quartz glass pipes 11 with an outside diameter of 25 cm., 
a wall thickness of 5 mm., and an effective length of 2.5 
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m. are provided for in the front row. In the second row, 
accordingly, nine quartz glass pipes of the same dimen 
sions are disposed. Quartz glass pipes of this kind 
readily withstand an internal pressure of 100 psi at an 
operating temperature of 1000" C. 
Within a quartz glass pipe 11 are disposed, for exam-} 

ple, twenty-?ve glass strips 22 with a thickness of 5 
mm., there being a spacing of 5 mm. between adjacent 
glass strips 23. Thus, the average overall surface area 
per lass strip 23 amounts to 0.24 m.><2.5 
m.>< 2><2=0.78 m2. The entire surface area of the 
glass strips 23 per quartz glass pipe 11 amounts to 0.78 
m2>< 25 = 19.5 ml. Accordingly, the total surface area of 
the entirety of all glass strips is 19X 19.5 m2=370 m2. 
This represents the whole cooling surface of the appara 
tus, via which the heat exchange between the glass 
strips 23 and the air ?owing through takes place. 

In the present example, there must be transferred per 
square meter of the cooling surface 5,000,000 W/370 
m2: 13,500 W/m2. With a moderate air current, a heat 
transfer of 30 W/m2' C. may be reckoned with. If, 
therefore, as in the present example, 13,500 W are sup 
posed to be transferred per m2, an average difference in 
temperature of about 450° C. between the glass strips 23 
and the air ?owing through between the sameis neces 
sary for that purpose. These ?gures show that it is very 
well possible to heat the air to about 600° to 800° C. 
without the temperature at any location of the appara 
tus becoming higher than 1,050° to 1,250’ C. at such 
time. These values can be lowered by somewhat in 
creasing the rate of ?ow of the air current. The same 
effect also ensues when the number of glass strips 23 per 
quartz glass pipe 11 is raised or the number of quartz 
glass pipes is itself increased. 
The concentrated sunrays striking the apparatus ac 

cording to FIG. 2 are limited to the region bounded by 
the dashed line 35, the area of this region amounting to 
2.5 m. ><2l5 m. equal to about 6 m2. In order to insolate 
the above-stated power of 5 MW onto the area of the 
active region, a power density of 836 kW/m2 is neces 
sary, which corresponds to a concentration of the solar 
radiation of about 1000. 
FIG. 7 shows a second example of an embodiment of 

glass strips 36, which are disposed in a quartz glass pipe 
11. In the transverse direction, the individual glass strips 
36 extend somewhat beyond the middle of the quartz 
glass pipe 11, so that the adjacent glass strips 36 overlap 
each other some few mm. In the overlapping region of 
the glass strips 36 keep themselves spaced. In the outer 
region of the glass strips 36, instead of the spacers 33 
according to the embodiment in conformity with FIG. 
6, humps 37 are provided which were formed in that 
depressions were pressed into the glass strips 36 with a 
non-depicted object while the glass strips were still in 
the soft state. One of these humps 37 is depicted in 
section. 
A beam of rays 38 striking the quartz glass is, simi 

larly to the beam of rays 33 in FIG. 6, re?ected again 
and again and gradually absorbed by the glass strips. 
The advantage of this embodiment as compared with 
that of FIG. 6 is that beams of rays 39 possibly directed 
parallel to the plates cannot readily pass through the 
quartz glass pipe 11 but are absorbed by the mutually 
staggered glass panes 36. 
FIG. 8 shows a further embodiment of glass strips 40 

and 41 disposed within a quartz glass pipe 11. ‘The cross 
section of the majority of the glass strips 40 is angular, 
and only those glass strips 41 which serve to fill up the 
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remaining part of the cross-section of the interior space 
of the quartz glass pipe 11 are ?at glass strips. The angle 
formed by the glass strips 40 is an acute angle, prefera 
bly 60°. The glass strips 40 and 41 can be kept spaced 
from one another either by spacers depicted in FIG. 6 
or by humps depicted in FIG. 7. These spacing elements 
are not depicted in FIG. 8. The ?at glass strips 41 are 
beveled at the end exposed to the radiation in order that 
the portions of rays re?ected by the narrow side reach 
the interior of the quartz glass pipe 11. The glass strips 
40 are directed in such a way that the apex of the angle 
they form points in the direction of the source of rays. 
Beams of rays 42 impinging exactly on the apex of the 
said angle are gradually absorbed by the vertex regions 
of the glass strips 40 in succession. An offset beam of 
rays 43 running parallel thereto is, like the beam of rays 
33 according to FIG. 6, reflected again and again and 
likewise gradually absorbed by the glass strips 40 and 
41. A beam of rays 44 striking obliquely is, as depicted, 
likewise re?ected again and again and gradually ab 
sorbed. 

In the embodiment of a quartz glass pipe 73 depicted 
in FIG. 9, there are provided, instead of glass strips, a 
plurality of mica strips 74, the longitudinal edges of 
which are held in grooves 75 sunk in the inside surface 
of the quartz glass pipe 73. The middle regions of the 
mica strips 74 are spaced by glass rods 76 having a 
rectangular cross-section. The mica strips 74 are pro 
duced from muscovite, and which is commercially 
available under the designation “Phogopit,” is pro 
duced by the ?rm Mineral A. G. Schwyz, CH. 
The mica strips are partially permeable to the solar 

radiation, which is indicated by the arrow 77, so that the 
solar radiation, similarly as in the case of the glass strips 
23 of the embodiment in FIG. 6, re?ected again and 
again and distributed over all mica strips 74, is absorbed 
by the latter. Because the mica strips 74 are more 
heatresistant than the glass strips, a higher operating 
temperature can be attained. 
FIG. 10 shows the preferred further embodiment. 

Within the quartz glass pipe 78, a honeycomb-shaped 
structure of mica strips 79 and 80 is disposed. A place of 
intersection of the honeycomb-shaped structure is de 
picted enlarged in FIG. 11. At certain intervals, slots 81 
and 82 are sunk in the mica strips 79 and 80, respec 
tively. The depth of the slots 81 and 82 amounts to 
one-quarter of the width of the mica strips. With strips 
of this kind, honeycomb-shaped structures of any de 
sired length can be produced, which, like the glass strips 
23 depicted in FIGS. 4 and 5, extend practically over 
the entire length of the quartz glass pipes. 

Advantageously, the intervals in the longitudinal 
direction of the mica strips are not equal but become 
closer and closer from one end of the strips to the other 
end. It is thereby achieved that the “density” of the 
honeycomb-shaped structure is greater in one part than 
in another part. The radiation indicated by an arrow 83 
is directed at that region of the honeycomb-shaped 
structure which exhibits the lesser “density”. 
The mica strips 79 and 80 are disposed in such a way 

that they bound a plurality of channels 84 which essen 
tially exhibit a rhombus-shaped cross-section. One of 
those corners which form an acute angle points toward 
the direction of irradiation. In this way, more favorable 
re?ection conditions ensue. 
FIG. 12 shows a cross-section through part of a 

quartz glass strip 85 which is used instead of the lightly 
dyed glass strips 23,36, or 40, corresponding to the 
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embodiments according to FIGS. 6, 7, and 8, respec 
tively. The quartz glass strip 85 is more advantageous 
than the dyed glass strips 23," 36, or 40 because the 
quartz glass strip 85 is able to withstand higher tempera 
tures. Since quartz glass cannot readily be dyed, on the 
surface of the quartz glass strip 85 is provided with a 
thin coating 86 only partially absorbing the solar radia 
tion. This coating 86 is depicted overly thick in FIG. 12. 
Suitable as coating 86 is a very thin metal coating, e.g., 
of gold, which metal coating is so thin that only about 
3% of the solar radiation is absorbed in this metal coat 
ing. The heat absorbed by the coating 86 is transmitted 
to the air ?owing around this coating. The quartz glass 
strips 85 serve essentially only as supports for the coat 
ing 86 and can therefore be chosen less thick than the 
glass strips 23, 36 or 40. Quartz glass strips can also be 
used that are coated only one side. In this case, it is then 
more favorable if this one coating is chosen somewhat 
thicker so that about 5% of the solar radiation passing 
through it is absorbed. 

In FIG. 13, the step-by-step absorption of solar radia 
tion in the walls of successively disposed glass pipes 87, 
88, and 89 of lightly tinted glass is schematically repre 
sented. The solar radiation striking into the ?rst glass 
pipe 87 is represented by the arrow 90, the insolated 
energy being indicated by the width of the arrow 90. 
Upon entrance of the radiation, part of the same is ab 
sorbed in the upper wall portion of the ?rst glass pipe 
87, and a further part of the radiation is absorbed in the 
lower wall portion of the glass pipe upon exiting of the 
radiation from the glass pipe. The portion of the solar 
radiation reaching the second glass pipe 88 is indicated 
by the arrow 91. The upper and lower wall portions of 
the second glass pipe 88 once again absorb part of the 
solar radiation, so that only a small portion of the solar 
radiation, indicated by the arrow 92, still reaches the 
third glass pipe 89. 
Through the partial absorption of the solar radiation, 

the glass pipes are heated, and the heat is carried off by 
an air ?ow inside the glass pipes 87, 88, and 89. The 
number of glass pipes, disposed one behind the other in 
the direction of the concentrated sunrays, is obviously 
not limited to three. 
FIGS. 14 and 15 shows a further preferred example 

of an embodiment of the apparatus according to the 
invention. FIG. 15 shows a section along the line XII 
—XII of FIG. 14, drawn on a larger scale, and FIG. 14 
shows a section along the line XI——XI of FIG. 15, 
drawn on a correspondingly smaller scale. 
Between an upper plate 93 and a lower plate 94 there 

extend a plurality of glass pipes 95 of lightly tinted glass 
disposed, for example, in ?ve rows. Into the ends of the 
glass pipes 95 extend holes in the plates 93 and 94, re 
spectively, and are connected gas-tight to the latter. 
The peripheral regions of the upper plate 93 are bent 
upwardly and the peripheral regions of the lower plate 
94 are bent downwardly and screwed to outer plates 96 
and 97, respectively. The hollow space 98 bounded by 
the outer plate 97 and the lower plate 94 serves to dis 
tribute the air ?owing into the space 98 via a supply 
pipe 99 into the individual glass pipes 95. The hollow 
space 101 bounded by the outer plate 96 and the upper 
plate 93 serves to collect the air ?owing through the 
glass pipes 95 and heated therein. The air collected in 
the hollow space 101 is exhausted via an exhaust pipe 
102. To compensate for the distance, dependent upon 
the temperature of the glass pipes 95, between the two 
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10 
outer plates 96 and 97, a piece 103 of the exhaust pipe‘ 
102 is formed like a bellows. 
The heat absorbed by the glass pipes 95 is transmitted 

to the air ?owing through them. At such time, this air is 
heated to about 800° C. Comparatively to the apparatus 
depicted in FIGS. 2 and 3, the apparatus according to 
FIGS. 14 and 15 exhibits a substantially greater number 
of glass pipes 95, the diameter of which is less than the 
diameter of the quartz glass pipes 11. Hence the air can 
be admitted to the glass pipes 95 at a substantially higher 
pressure than is the case with the quartz glass pipes 11. 
The concentrated solar radiation is directed at the 

face of the apparatus, the radiation represented by the 
arrow 104 striking the glass pipes 95 for the most part 
approximately perpendicularly. Thereupon, similarly as 
depicted in FIGS. 6 to 8, multiple re?ections are pro 
duced of portions of radiation which are absorbed ‘by 
the glass pipes 95. Should small portions of radiation get 
through the arrangement of glass pipes 95, a re?ector 
105, which is depicted in dashed lines in FIGS. 14 and 
15, can be disposed at the back of the glass pipe arrange 
ment. By means of this re?ector, the portions of radia 
tion exiting at the back of the glass pipe arrangement are 
re?ected back into the glass pipe arrangement again. 

Instead of the tinted glass pipes 95, quartz glass pipes 
106 can also be used, one of which is depicted in cross 
section in FIG. 16. The outside of the quartz glass pipe 
106 is provided with a coating 107 partially absorbing 
the solar radiation. The thickness of the coating 107 is 
depicted greatly exaggerated in FIG. 16. The advantage 
of the coated quartz glass pipes 106 is that they are able 
to withstand higher temperatures than the tinted glass 
pipes 95 and that the air can thus be heated to a higher 
temperature. The coating 107 is the same as the coating 
86 described with reference to FIG. 12. 

In FIG. 17, a glass rod 45 of round cross-section is 
depicted. The glass of which the glass rod 45 consists is 
lightly tinted in order to absorb gradually the solar 
radiation entering it. Inside the glass rod 45 there extend 
longitudinal channels 46, running practically parallel, 
for the passage of the air to be heated. The cross-section 
of these channels can fundamentally exhibit any desired 
shape, but preferably these cross-sections are rhombus 
shaped. The acute angles of the rhombus-shaped chan 
nels facing the main direction of radiation form an angle 
of 60°. A beam of rays 47 which strikes the glass rod 45 
is, as depicted in a very simpli?ed way in FIG. 12, 
re?ected in a very multifarious manner and gradually 
absorbed at a plurality of locations inside the glass rod. 
Since all longitudinal channels 46 are closed, the quartz 
glass pipe surrounding the glass rod can be dispensed 
with in the simple case. In this case, the glass rod 46 is 
inserted in the apparatus according to FIG. 2 similarly 
as depicted in FIGS. 4 and 5. 
FIG. 18 shows the principle of a solar power plant in 

a highly simpli?ed form. The ray receiver 2 may be an 
apparatus according to FIG. 2. By means of a compres 
sor 47, air indicated by arrows 48 is drawn in and sup 
plied via a supply pipe 49 to a distributor 50 which 
corresponds to the lower hood 15 of the apparatus ac 
cording to FIG. 2. From the distributor 50, the ‘air ar 
rives in the quartz glass pipes 11 having glass strips 
disposed according to FIGS. 6, 7, or 8. Instead of the 
quartz glass pipes 11, glass rods 45 according to FIG. 12 
may also be used. In the quartz glass pipe 11 exposed to 
solar radiation indicated by the arrows 51, the air is 
heated and collected in a collector 52, which corre 
sponds to the upper hood 17 in the apparatus-according 
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to FIG. 2, and supplied to a gas turbinevia an exhaust 
pipe 53. The rotors of the gas turbine 54, of the com 
pressor 47, and of a generator 55 are ?xed to a common 
shaft 56, so that the gas turbine 54 drives the compressor 
47 and the generator 55. The difference of the mechani 
cal output indicated by the turbine 54 less the drive‘ 
power of the compressor 47 is converted into electric 
power in the generator 45 and supplied to a symboli 
cally represented distributing network 57. 
FIG. 19 shows another solar power plant schemati 

cally and in a greatly simpli?ed representation. A cylin 
drically formed ray receiver 59 is disposed on a tower 
58. Set up on the ground 60 and round about the tower 
58 are re?ectors 61 which reflect the incident sunrays 
62 onto the ray receiver 59, whereby a thousand- to 
two-thousand-fold concentrated solar radiation strikes 
the ray receiver 59. At the very top there is situated an 
annularly formed distributor 63 for supplying the air 
compressed by a compressor 64 disposed inside the ray 
receiver 59 to the quartz glass pipes 11 depicted in 
cross-section in FIG. 20, disposed along concentric 
circular lines. The air heated in the quartz glass pipes 11 
is collected in a likewise annularly formed collector 65 
and supplied to a gas turbine 66 disposed inside the ray 
receiver 59. The distributor 63 and the collector 65 are 
kept spaced by a hollow cylinder 67. The generated 
surface of the hollow cylinder 67 is polished, so that the 
hollow cylinder 67 simultaneously serves as a re?ector 
for the portions of radiation possibly passing toward the 
inside through the quartz glass pipes 11. 
The air to be heated is drawn by the compressor 64 

from above through the annular distributor 63, pressed 
through the quartz glass pipes 11 and at such time 
heated, and collected in the collector 65, and supplied to 
the gas turbine 66. The air only partially cooled in the 
gas turbine 66 is expelled downwardly in the direction 
of the arrows 68. 

If the air supplied to the gas turbine 66 exhibits, for 
example, a temperature of 800° C., then the temperature 
of the air expelled from the gas turbine 66 amounts to 
about 300° to 400° C. This still quite hot current of air is 
supplied to a heat exchanger 69 for better exploitation 
of the solar energy. In this heat exchanger, water is 
vaporized and the steam produced is heated to_a tem 
perature of about 300° C. This steam is routed to a steam 
turbine 70 which, in turn, drives a non-depicted further 
generator. 
FIG. 21 shows a cross-section through a second em 

bodiment of the ray receiver 59, the latter differs with 
respect to the one depicted in FIG. 17 merely in that 
glass body segments 71 are used instead of the quartz 
glass pipes 11. The glass body segments 71 exhibit, 
similarly to the glass rod 45 according to FIG. 9, longi 
tudinal channels 72. The longitudinal channels 72 have 
a rhombus-shaped cross-section, the longer diagonal 
being radially directed. 
When the generated surface of the glass rod 45 ac? 

cording to FIG. 17 is likewise supposed to be utilized 
for heat transfer to the air, then the glass rod 45 is dis 
posed within a quartz glass cylinder 72, the inside diam 
eter of which is greater than the outside diameter of the 
glass rod 45, so that the air to be heated also flows 
around the generated surface of the glass rod 45. 
The fundamental principle of the apparatus accord 

ing to FIG. 2 can also be used for driving stroke-piston 
or rotary-piston engines. ' 
The advantage of the above-described apparatuses 

for heating a transparent, gaseous medium by means of 
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concentrated solar radiation consists in the fact that the 
concentrated solar radiation is not converted into heat 
at the ?rst location at which it strikes the glass strips 23, 
36, 40,41 or the glass body 45 or 71, whereupon this 
location would become excessively heated, but that by 
means of the many re?ection locations the concentrated 
solar radiation reaches all regions of the said glass strips 
and glass bodies, and that the heat is absorbed gradually 
by the entire glass body, this glass body being heated as 
homogeneously as possible to the same temperature, so 
that no location of the glass body heats up excessively. 
In order to improve the uniformity of the distribution of 
the absorbed energy, those regions of the glass strips 
which are already exposed to an attenuated solar radia 
tion can be more strongly tinted than those regions 
which are still exposed to the nonattenuated radiation. 
In the case of the glass body 45 or 71, a more homoge 
neous distribution of the absorbed energy can be 
achieved in that the size of the cross-sections of the 
longitudinal channels 45 and 72, respectively, decrese as 
viewed in the direction of radiation. 
A further advantage of the above-described appara 

tuses is that the surface responsible for the transmission 
of the heat from the glass strips or the glass bodies to the 
gaseous medium is substantially enlarged, so that the 
rate of ?ow of the gaseous medium can be kept rela 
tively low. The result is a lesser resistance to ?ow to 
which the current of medium is exposed. 
We claim: 
1. Apparatus for heating a transparent, gaseous me 

dium by means of highly concentrated solar radiation, 
with ?rst means for supplying the gaseous medium to a 
number of pipes which are exposed to the concentrated 
solar radiation, and second means for exhausting the 
heated gaseous medium, characterized in that the said 
pipes are quartz glass pipes connecting the ?rst and 
second means, that a number of partially transparent 
bodies are disposed within each quartz glass pipe, and 
that spacing elements for holding the adjacent bodies 
are ?owed around by the gaseous medium. 

2. Apparatus according to claim 1, characterized in 
that the partially transparent bodies are made of mica. 

3. Apparatus according to claim 2, characterized in 
that the mica bodies are mica strips disposed in honey 
comb form. 

4. Apparatus according to claim 1, characterized in 
that the partially transparent bodies are made of a mate 
rial which exhibits a coef?cient of absorption of 0.05 to 
0.30. 

5. Apparatus according to claim 1 or 4, characterized 
in that the quartz glass pipes exhibit a round cross-sec 
tion, and that the partially transparent bodies are glass 
strips of tinted glass. 

6. Apparatus according to claim 1 or 4, characterized 
in that the partially transparent bodies include glass 
strips having coatings and partially absorbing the solar 
radiation. 

7. Apparatus according to claim 1 characterized in 
that the partially transparent bodies have planar major 
surfaces forming an angle of 20° to 70“ with the direc 
tion of said concentrated solar radiation incident or said 
surfaces. 

8. Apparatus according to claim 1, characterized in 
that said partially transparent bodies comprise tinted 
glass strips some of which exhibit an angular cross~sec 
tion, that form an acute angle of preferably 160°. 

9. Apparatus according to claim 1, characterized in 
that the quartz glass pipes are disposed in at least two 
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rows, and the quartz glass pipes of the second row are 
staggered with respect to those of the ?rst row so that 
the portion of rays passing through between the quartz 
glass pipes of the ?rst row enter into the quartz glass 
pipes of the second row. 

10. Apparatus according to claim 1 or 9, character-' 
ized in that there is disposed behind the quartz glass 
pipes, viewed in the direction of insolation, a re?ector 
for re?ecting onto the quartz glass pipes the portion of 
radiation which has pressed through the quartz glass 
pipes. 

11. Apparatus for heating a transparent, gaseous me 
dium by means of highly concentrated solar radiation 
with ?rst means for supplying the gaseous medium to a 
body exposed to the concentrated solar radiation and 
second means for exhausting the heated medium char 
acterized in that the said body is made‘ of tinted glass 
and exhibits a plurality of approximately parallel longi 
tudinal chennals of rhombus shaped cross-section with 
the longer diagonals thereof being perpendicular to the 
face of the apparatus running approximately for con 
veying the gaseous medium through, and that the ?rst 
and second means communicate with each other via the 
longitudinal channels. 

12. Apparatus for heating a transparent, gaseous me 
dium by means of highly concentrated solar radiation, 
with ?rst means for supplying the gaseous medium to a 
body exposed to the concentrated solar radiation and 
second means for exhausing the heated medium charac 
terized in that a plurality of transversely spaced glass 
pipes having very thin external metalic coatings absor 
bent of solar radiation and extending between the ?rst 
and second means and disposed in a row approximately 
in alignment with the incident solar radiation whereby a 
fraction of the solar radiation incident on each of said 
pipes is absorbed thereby and substantially the remain 
der of said incident radiation traverses said respective 
pipe and is incident on the next successive pipe, and that 
one ends of the glass pipes open into a chamber formed 
by the ?rst means and the other ends of the glass pipes 
open into a further chamber formed by the second 
means.‘ 

13. Apparatus for heating a transparent, gaseous me 
dium by means of highly concentrated solar radiation, 
with ?rst means for supplying the gaseous medium to a 
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body exposed to the concentrated radiation and second 
means for exhausting the heated medium, characterized 
in that the said body is made of tinted glass and exhibits 
a round cross-section and is disposed within a quartz 
glass pipe whose inside diameter is greater than the 
outside diameter of the glass body, the tinted glass body 
exhibiting a plurality of longitudinal channels running 
approximately parallel for conveying the gaseous me 
dium therethrough, and that the ?rst and second means 
communicate with each other via the longitudinal chan~ 
nels. 

14. Apparatus for heating a transparent, gaseous me 
dium by means of highly concentrated solar radiation 
with ?rst means for supplying the gaseous medium to a 
body exposed to the concentrated solar radiation and 
second means for exhausting the heated medium, char 
acterized in that said body is made of tinted glass and 
exhibits an annular segment shaped cross-section and a 
plurality of longitudinal channels running approxi 
mately parallel for conveying the gaseous medium there 
through, that individual glass bodies are joined to form 
a hollow cylinder, the generated surface of which is 
exposable all around to the concentrated solar radiation, 
and that the ?rst and second means communicate with 
each other via the longitudinal channels. 

15. A device for transferring heat from concentrated 
solar radiation to a transparent gaseous medium com 
prising a conduit having a transparent wall and exposed 
to said solar radiation, a plurality of transversly spaced, 
longitudinally extending heat absorbing elements dis 
posed in said conduit, each absorbing a portion of the 
solar radiation incident thereon and transmitting and/or. 
re?ecting the remainder of said incident solar radiation 
to another heat absorbing element, and means for circu 
lating said gaseous medium through said conduit along 
the faces of said heat absorbing elements. } 

16. The device of claim 15 wherein said heat absorb 
ing element have transversly spaced confronting faces. 

17. The device of claim 15 or 16 wherein said heat 
absorbing elements are formed of a tinted transparent 
material. - 

18. The device of claim 15 or 16 wherein said heat 
absorbing elements are formed of a transparent material 
having a semi re?ecting coating. 

* * * * * 


